The goal of this exploratory study was to delineate health differences among transgender subpopulations (transgender women/TW, transgender men/TM, gender nonbinary/GNB adults). 2015 Behavioral Risk Factor Surveillance System data were analyzed to compare the health of three groups (TW:N = 369; TM:N = 239; GNB:N = 156). Logistic regression and adjusted odds ratios were used to determine whether health outcomes (fair/poor health, frequent physical and mental unhealthy days, chronic health conditions, and health problems/impairments) are related to group and its interaction with personal characteristics and socioeconomic position. Group was a significant predictor of fair/poor health and frequent mental unhealthy days, revealing significant health differences between the transgender groups. The odds of poor/fair health were approximately 2.5 times higher in TM and GNB adults relative to TW. The odds of frequent mental unhealthy days for TM were approximately 1.5-2 times greater than TW and GNB adults. Among those with health insurance, the odds of fair/poor health for GNB adults was more than 1.5-2 times higher that of TM and TW. Among those without health insurance, TM had over 7 times greater odds of fair/poor health than TW. This study underscores the importance of classifying and examining the health of the transgender population as unique subpopulations, as notable health differences were discovered. TM and GNB adults have significant health concerns, requiring the attention of clinical interventions aimed at promoting health and preventing illness.
Introduction
The term transgender, or trans, describes an array of individuals whose sex assigned at birth differs from their current gender identity, or one's sex of being male, female, neither, or both. In contrast, cisgender is an adjective used to describe individuals with a gender identity that a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
interventions, targeting the multifactorial mechanisms impacting health behaviors at the individual level [39] . Three implicit assumptions of the framework include 1) an individual's health and well-being are influenced by multiple factors within their social and physical environments; 2) in addition to external factors, an individual's health status is influenced by their own personal characteristics; and 3) to promote health and well-being one must consider the dynamic relationships and interactions between an individual and their social and physical environments, versus concentrating only on their personal characteristics [39] .
Together, the frameworks posit that the overarching influence of structural determinants such as local, state, and national laws and policies affect the social, community, and institutional environments where a transgender person lives, works, and studies; consequently and distinctly influencing how each transgender subgroup copes with stress, engages in healthrelated behaviors, and accesses resources directed at improving their health and quality of life. By applying the frameworks to this study, we anticipate there to be health differences among the three transgender groups, and personal characteristics associated with one's minority status (e.g., sexual orientation) will be contributing factors in the health of transgender adults.
The overall goal of this exploratory study was to increase understanding of the relationships among individual factors (personal characteristics and socioeconomic position) and health status in three transgender study groups (TW, TM, GNB adults). The specific aim was to determine whether health status outcomes are related to study group (TW, TM, GNB adults) and its interaction with personal characteristics and socioeconomic position.
Methods
This exploratory study used a descriptive and observational study design to perform a secondary analysis of publicly available data from the CDC's 2015 BRFSS. This secondary analysis compared three transgender groups (TW, TM, GNB adults), individual factors, and health status outcomes. Individual factors included personal characteristics (age, race/ethnicity, sexual orientation, and marital status) and socioeconomic position (educational attainment, employment status, annual household income, and health insurance status). Health status outcomes included measures of self-rated general health (fair/poor health), health-related quality of life (frequent physical and frequent mental unhealthy days), two or more chronic health conditions, and three or more health problems or impairments. Three additional covariates were included in the analytic models to account for the influence of state-level factors (discriminatory laws/policies and percent voting Republican) and the effects of seasonal variation during BRFSS data collection. Institutional review board exemption was obtained from the Duke University School of Nursing.
were asked, "Do you consider yourself to be male-to-female, female-to-male, or gender nonconforming?" [42, p69] . Twenty-two states (Colorado, Connecticut, Delaware, Georgia, Hawaii, Idaho, Illinois, Indiana, Iowa, Kansas, Maryland, Massachusetts, Minnesota, Missouri, Nevada, New York, Ohio, Pennsylvania, Texas, Virginia, West Virginia, and Wisconsin) adopted this module and collected data on 764 transgender adults [43] .
Of important note, if the BRFSS participants asked about the term gender nonconforming, the BRFSS surveyor would explain that gender nonconforming people "do not identify only as a man or only as a woman" [42, p70] , a definition that accurately describes gender nonbinary persons [44] ; whereas, gender nonconforming "describes a person whose gender expression differs from a given society's norms for males and females" [45, p5] . Given this distinction, this study will use the term gender nonbinary in lieu of gender nonconforming.
Analysis sample
Responses to the BRFSS gender identify measure were used to classify transgender participants as TW, TM, or GNB adults. These three transgender identities represent three distinct levels of study group, the factor of main interest; the analytic sample consisted of 369 TW, 239 TM, and 156 GNB adults. Table 1 details the study variables, their descriptions and coded values; bold indicates the key study variables and health status outcomes evaluated in the analytic models. The five health status outcomes explored were fair/poor health, frequent physical unhealthy days (5 or more days within the last 30 days), frequent mental unhealthy days (5 or more days within the last 30 days), two or more chronic health conditions, and three or more health problems or impairments.
Measures
Individual factors (personal characteristics and socioeconomic position measures) were evaluated because they reflect the social and economic factors that influence health-related beliefs, behaviors, and outcomes [11, 46] . With the inclusion of individual factors, this study allowed us to examine study group differences in health status after taking into account the influence of individual factors, as well as evaluate the influence of individual factors and their interactions with study group on health status.
State-level characteristics and seasonality were included as covariate to adjust for effects of the variables on the health outcomes [47] [48] [49] . At the state level, publicly data from the Movement Advancement Project [50] were used to indicate if the state where the BRFSS participant resides had any laws or policies that harmed or deliberately targeted transgender people, and publicly available data from Federal Election Commission [51] were accessed to determine the percentage of voters who voted for the Republican candidate in the U.S. 2012 presidential election. Both variables have been associated with health-related outcomes in both transgender and cisgender populations [48, 49, 52] , and were included in the models to account for the influence of from these two state-level predictors of health. Previous studies using BRFSS data showed seasonal variations in health-related quality of life such that Winter months adversely impacted physical health, and Fall months negatively influenced mental health [47] . As such, seasonality, in this study, reflects if BRFSS data collection occurred during Winter/Fall months.
Data analysis plan
Descriptive statistics were used to detail the study variables and health status outcomes for each of the three study groups. Non-directional statistical tests were performed using SAS 9.4.1 1 with the level of significance set at 0.05 for each test and a posteriori contrasts. The level of significance was not adjusted for multiple outcomes and tests due to the exploratory nature of this study. For all statistical analyses, only cluster and strata BRFSS data were incorporated to account for the complex survey design; sampling weights were excluded. The decision to exclude sampling weights in our analyses emerged from the discovery of measurement error engendered by BRFSS data collection procedures that produced a discordance between BRFSS surveyorassigned sex and self-reported gender identity [53, 54] . As a result, 74% of TW were classified as cisgender men and 66% of TM were classified as cisgender women [54] . It is not possible to determine the classification accuracy for GNB adults because they do not identify as a man or woman. The classification accuracy of the transgender BRFSS participants was essential for the sex-specific raking algorithm BRFSS used to create sampling weights [40] . Due to the misclassification of the majority of TW and TM, inaccurate and problematic sampling weights were created [54] . The application of BRFSS sampling weights has the potential to negatively impact the validity of statistical conclusions derived from these data [54] .
Study groups: Individual factors and health outcomes. Bivariate logistic regression for binary measures and one-way analysis of variance methods for continuous measures were performed to test for study group differences in personal characteristics, socioeconomic position, state-level factors, seasonality, and health outcome. Analysis of variance procedures were conducted using a General Linear Model (GLM) approach due to unequal sample sizes of the three study groups. For binary variables, a posteriori pairwise contrasts of the study groups were conducted when a significant overall study group effect was detected. For each contrast, the effect size and its 95% confidence interval (CI) were estimated to address magnitude of effect and clinical significance.
Study groups and health outcomes: Multivariable prediction models. Multivariable logistic regression models were utilized to determine the influence of study group, individual factors, and study group and the individual factor interaction on health status outcomes, covarying for state-level factors and seasonality. A separate analysis was conducted for each health status outcome. Each comprehensive model was then reduced to a final model using an iterative backward elimination variable selection method, whereby the least significant term was omitted from model one at a time until a final model was achieved. The final model included: (a) study group; (b) significant individual factors; (c) significant study groupby individual factor interaction term; and (c) significant state-level and/or seasonality covariates. Study group and components of a significant interaction were retained regardless of statistical significance. Statistical significance was set at 0.05 for each predictor term in the comprehensive and reduced model. Adjusted odds ratios (aOR) and their 95% CI were used to estimate effect size for significant predictor terms and the mean probabilities for subgroups of a significant interaction were obtained. A posteriori pairwise contrasts of the study groups were conducted when a significant overall study group effect or within each level of the individual factor when a significant interaction was detected.
Results

Study groups: Individual factors and health outcomes
Descriptive statistics for study measures and the results of the bivariate analyses are provided for the three study groups in Tables 2 and 3 . The study groups differed significantly on being a sexual minority, uninsured, and the percentage of voters who voted for the Republican candidate in the U.S. 2012 presidential election ( Table 2 and S1 Table) . Compared to TM, TW were nearly 1.5 times more likely to identify as a sexual minority. GNB adults had approximately 1.75 higher odds of identifying as a sexual minority relative to TW and over 2.6 higher odds than TM. Relative to TW, the odds of being uninsured were 1.85 higher in TM and approximately 1.7 times greater for GNB adults. TM were 10% more likely to be uninsured than GNB adults. The groups differed significantly on only one health status outcome, fair/poor heath (Table 3 and S1 Table) . GNB adults reported the highest percent of having fair/poor health and were over 1.5 times more likely to report fair/poor health relative to TW and nearly 1.8 more likely than TM.
Study groups and health outcomes: Multivariable models. Each comprehensive multivariable regression model evaluating the influence of study group, individual factors, study group-by-individual factor interactions, state-level factors, and seasonality on each health outcome was reduced to a set of final models (Table 4) . Table 5 provides an overview of the significant predictors for each health outcome.
Study group. Study group was a significant predictor of fair/poor health and frequent mental unhealthy days, revealing significant health differences among the transgender groups. The contrasts of the groups ( Table 6 ) indicated that the odds of fair/poor health were approximately 2.3 times higher in TM and over 2.5 times higher in GNB adults relative to TW. TM had nearly 1.5 times higher odds of frequent mental unhealthy days when compared to TW, and 1.7 times more likely to report frequent mental unhealthy days relative to GNB adults.
Individual factors. For all health outcomes, employment status was a significant predictor. Not working had higher odds of fair/poor health (aOR = 4.22), frequent physical unhealthy days (aOR = 3.38), frequent mental unhealthy days (aOR = 2.29), two or more chronic health conditions (aOR = 2.39), and three or more health problems or impairments (aOR = 5.18) when compared to employed.
Age was significant predictor of frequent mental unhealthy days and two or more chronic health conditions. For each 10-year increase in age, the odds decreased by 20% for frequent mental unhealthy days and increased by 40% for two or more chronic health conditions. Sexual orientation was a significant predictor of fair/poor health, frequent physical unhealthy days, frequent mental unhealthy days, and three or more health problems or impairments. Sexual minority had higher odds of fair/poor health (aOR = 1.69), frequent physical unhealthy days (aOR = 1.72), frequent mental unhealthy days (aOR = 1.76), and three or more health problems or impairments (aOR = 2.72) when compared to heterosexual.
Marriage status was a significant predictor of two or more chronic health conditions and three or more health problems or impairments. Being unmarried had greater odds of two or more chronic health conditions (aOR = 1.70) and three or more health problems or impairments (aOR = 2.06) relative to being married. Educational attainment was a significant predictor of fair/poor health. Having a high school education or less increased the odds of fair/poor health (aOR = 1.43) than those with postsecondary education.
Income was a significant predictor of frequent mental unhealthy days and three or more health problems or impairments. Having a low income increased the odds of frequent mental unhealthy days (aOR = 1.62) and three or more health problems or impairments (aOR = 2.07) than those earning more than $20K. Health insurance status was a significant predictor of fair/poor health and three or more health problems or impairments. Uninsured had lower odds of fair/poor health (aOR = 0.73) and three or more health problems or impairments (aOR = 0.38) relative to insured.
State-level characteristics and seasonality. Discriminatory laws/policies was a significant predictor for three or more health problems or impairments; however, seasonality was not a significant predictor of any health outcome. Living in a state that had a discriminatory law or policy that targets or harms transgender people increased the odds of three or more health problems or impairments (aOR = 1.48) relative to states without such laws or policies.
Study group interactions. One study group interaction with an individual factor predicted fair/poor health (Tables 4 and 5 ). Table 7 summarizes the simple effects results comparing the study groups at each level of the individual factor. Fig 1 provides a graphical representation of this interaction, and S2 Table presents the mean probability for fair/poor health for each interaction subgroup. The interaction between study group and health insurance was a significant predictor of fair/poor health (Fig 1) . The probability of fair/poor health significantly differed among transgender groups when participants reported having health insurance, as well as those without health insurance. GNB adults had the highest mean probability of fair/poor health among participants with health insurance. Among those with health insurance, the odds of fair/poor health for GNB adults was more than 2 times that of TM and over 1.5 times higher than TW. Among those without health insurance, TM had the highest mean probability of fair/poor health and had over 7 times greater odds of fair/poor health than TW.
Sensitivity analysis
A sensitivity analysis comparing the age and race/ethnicity of the participants within each study group that were included to those excluded, due to missing data, from the final adjusted models revealed no significant differences.
Power calculation
Power calculations were conducted based on the assumption of a medium effect size represented the smallest clinically meaningful effect (OR of 2.5 or its inverse of 0.40; Cohen d equivalent of 0.50). The sample sizes per study group provided at least 80% power for the bivariate analytic models and a posteriori contrasts. A sample size of 480 per study group was required to achieve 80% power to test for the relationship between study group on the five health 
Discussion
This exploratory and hypothesis generating study examined the health status and individual factors which influence the health of TW, TM, and GNB adults. Further, we sought to highlight the importance of classifying and examining the health of the transgender population as unique subpopulations versus one homogeneous population. Although previous research has identified significant differences in health-related individual factors and health outcomes between transgender and cisgender people [55] [56] [57] [58] , this study delineated the health differences among transgender subpopulations (groups) in order to identify transgender groups at greatest risk for poor health. Moreover, by acknowledging the heterogeneity of the transgender population, we fill gaps in knowledge about the health of TM and GNB adults, two transgender groups that have been underrepresented in contemporary empirical transgender health research. In addition to this important contribution, our findings suggest that: a) among the transgender groups, there are notable differences in the health of TW, TM, and GNB adults; b) TM have poorer overall health than TW and GNB adults; and c) transgender adults who also identify as a sexual minority have increased odds of having poorer health outcomes than transgender adults who identify as heterosexual. Overall, our findings offer further evidence that both intersectionality and the socioecological model can be used to understand the influence of induvial factors on health status and the differential effects of these correlates across diverse transgender communities. Our findings provide strong evidence that the health of transgender adults differ among transgender groups. Notably, our findings indicated that GNB adults with health insurance have greater odds of fair/poor health than TW and TM with health insurance. This finding is inconsistent with a large body of evidence linking health insurance with greater healthcare access and improved health outcomes in the general population [59] [60] [61] , but it is not surprising considering that GNB adults experience higher levels of discrimination in healthcare settings, have more unmet healthcare needs, engage in more health-harming behaviors (i.e., drug/alcohol abuse, smoking, and attempted suicide), and are less likely to have an annual health exam than other transgender groups [27, 28, 62] . Additionally, research exploring the association between discrimination and physical health outcomes in the transgender population are lacking. This represents an important area for future work, especially given that stress is associated with negative, and co-occurring, physical and mental health in other vulnerable populations [63, 64] . Finally, given the disproportionate prevalence of transgender-related discrimination and poorer health experienced by GNB adults relative to TW and TM, health researchers should routinely include transgender-inclusive measures that can identify transgender subgroups and ones that measure transgender-related stigma and discrimination.
Our findings bring attention to the health concerns of TM. We found that among transgender individuals, TM adults may have significant health concerns that require the attention of clinical interventions aimed at promoting health and preventing illness. When factors known to influence health are accounted for, TM had significantly greater odds of fair/poor health when compared to TW and greater odds of frequent mental unhealthy days when compared to both TW and GNB adults. A significant concern about the health of TM in our sample is their lack of health insurance. Not only were TM the study group with the highest percentage of uninsured, TM without health insurance had over a 7-fold increase in the odds of fair/poor health than TW without health insurance. With limited health-related literature about TM, these findings not only contribute to the current knowledge base, but also highlights that health of TM is a research priority.
Study findings suggest that being transgender and a sexual minority adult increase the odds of poorer health outcomes compared to those transgender adults who self-identify as heterosexual, although there were not significant differences across transgender groups. In our sample, sexual minority adults had nearly a 2-to 3-fold increase in poorer health outcomes. This finding underscores the importance of including both sexual orientation and gender identity measures in all health-related research; transgender and gender nonbinary people can be of any sexual orientation and can be attracted to other transgender and/or gender nonbinary people, as well as cisgender individuals. Further, the intersectionality framework indicates the importance of acknowledging the influence of being a member of multiple minority groups on an individual's lived experiences. Findings from this study elicit the health effects stemming from such lived experiences, particularly for transgender adults who are also identify as a sexual minority person. Often, researchers examining the health of lesbian, gay, bisexual, and transgender (LGBT) individuals group all LGBT people together, compare LGB-to T-identified participants, or do not use measures to identify their transgender participants [65] [66] [67] [68] [69] [70] [71] .
Our results suggest that discriminatory state-level laws and policies are significant predictors for poorer health outcomes in transgender adults, but not the percentage of state residents voting Republican variable. Excluding the voting party affiliation, these findings are consistent with prior research [52, 72] . One plausible explanation for our findings regarding state-level sociopolitical predictors may stem from the gender identity measure being an optional BRFSS module. States that have incorporated this measure have recognized the importance of collecting health-related data from transgender adults and may therefore have already enacted transgender-protective laws or policies. Without transgender health data collection conducted by all U.S. states and territories, it is difficult to further investigate this inference. Additional insight can be gained if gender identity measures are routinely included in public health surveillance and population-based surveys.
Our findings indicate that significant differences in the health of TW, TM, and GNB adults may exist; although consistent patterns between groups and across outcomes were not apparent. This finding may reflect study limitations associated with BRFSS methodology and the fact that this was a secondary analysis of cross-sectional data. Besides the gender identity module, BRFSS does not include any other survey items regarding transgender health, such as gender-affirming medical interventions (e.g., hormone therapy, surgery). Such interventions have been shown to reduce adverse mental health symptomology and improve the health and wellbeing of transgender people [3, 73] . However, there are significant barriers to accessing gender-affirming interventions and not all transgender people desire such interventions [2] . Future studies that examine and compare the health status of transgender communities would benefit from additional survey items pertaining to aspects of health-related behaviors known to influence the health of transgender people, such as experiences of discrimination in healthcare settings or uptake of hormone therapy.
Another limitation of this secondary analysis was low statistical power to detect all transgender group differences that may have existed. Results from our final multivariable models suggest that when factors known to influence health are accounted for, GNB adults did not have significantly different health outcomes than other transgender groups, excluding the fair/ poor health outcome. In contrast, GNB adults did have the highest percentage, of any study group, of having two or more chronic health conditions, having three or more health problems or impairments, and reporting 30 physically unhealthy days. These conflicting findings may be explained by the small sample sizes of the transgender groups, particularly the GNB group, which was further reduced in size in the multivariable models due to missing data. Future research exploring the health of GNB adults is warranted, and researcher might consider oversampling GNB people in surveys to achieve adequate statistical power.
BRFSS methodology may have contributed to the small GNB sample size, as well as the other transgender groups. For the BRFSS gender identity measure, participants first had to affirm being transgender before they could self-identify as GNB; not all transgender and GNB people use the term transgender when describing themselves [5] . Further, BRFSS is a telephone-based survey, which introduces a social component to gender identity disclosure with the surveyor, including perceived stigma. This may affect any transgender or GNB participant affirming their gender identity. Equally important and specific to GNB adults is BRFSS's description for gender nonconforming as it does not align with definitions provided by three of the predominant authorities in transgender health; the World Professional Association for Transgender Health, University of California, San Francisco Center of Excellence for Transgender Health, or The Fenway Institute's National LGBT Health Education Center [3, 44, 45] . The BRFSS gender nonconforming definition reflects a description for a non-binary identity [44] ; whereas, gender nonconforming "describes a person whose gender expression differs from a given society's norms for males and females" [45, p5] . The BRFSS survey measures for gender identity coupled with social stigma associated with transgender identities may undercount the number of self-identified transgender, particularly GNB, respondents.
In spite of the above limitations, our findings make major contributions to understanding the health status of TW, TM, and GNB adults, including components of health that have largely not been studied. Further, our study offers insights to the importance of exploring the health of transgender groups and to the vital importance of including gender identity measures by all researchers, federal, national, and state agencies conducting public health surveillance and population surveys.
Conclusion
This study, one of the first of its kind, provides a comprehensive depiction of the health status of TW, TM, and GNB adults. Research opportunities remain rich, plentiful, and needed to further identify and prioritize health-related needs and provide the foundation to develop clinical interventions aimed at reducing the burden of illness in the transgender population.
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